Deployment of utility-scale wind farms is expanding as both independent power producers and traditional utilities build wind farms to diversify generation sources, meet government renewable energy requirements, and capture available subsidies. As wind energy generation expands, it is imperative to understand and mitigate a variety of potential biological, technological, and sociological environmental impacts.
Project Development Permitting Requirements -The requirements to permit a wind farm project can vary depending where the project is being built. Although some regions of the country have no local land use or siting processes, other areas have rigorous requirements, many of which require environmental review by state environmental protection agencies and public service commissions. Rigorous permitting processes are also in place or simultaneously in development for offshore wind energy as project developers aim to take advantage of the significant coastal wind resource.
Federal Requirements -For any project on public land or utilizing government funding in the U.S., a National Environmental Policy Act (NEPA) review must be completed. The Bureau of Land Management (BLM) manages vast stretches of public lands, much of which is suitable for wind energy development. BLM reviews and approves permits and licenses to explore, develop, and produce renewable energy on federal lands. If endangered species are present, a take permit in accordance with the Endangered Species Act may be required. Further, the US Fish and Wildlife Service has recently proposed new requirements to protect the Golden Eagle and proposed new guidelines for wind farms to protect habitat, migratory birds and bats.
Military and Civilian Aviation Approval -Before any wind energy installation can be built in the U.S., it is required to obtain the approval of the Federal Aviation Administration (FAA), and in some instances, the Department of Defense (DoD). Similar processes exist in European countries. This is directly influenced by the highly reflective nature of wind turbines with respect to commercial and military aviation radar. While modern radar has the capability of removing "noise" associated with large static objects such as buildings, a wind turbine is large and in constant motion. This creates a positive return on the radar which reduces a radar operator's ability to see military and civilian aircraft. As such, the potential radar interference that any wind facility may create must be evaluated and approval gained by relevant agencies before construction may begin.
State Requirements -In the U.S., requirements for permitting projects are often controlled at the state level. There are a variety of environmental requirements depending on the technology and the state. For example, the California Environmental Quality Act (CEQA) requires state and local agencies to assess environmental impacts of projects they undertake or permit. In Hawaii, a review by the State Department of Forestry and Wildlife is required to obtain a permit from Hawaii Department of Land and Natural Resources. In many cases pre-and post-construction monitoring are required. For wind projects in Maine, the Department of Inland Fisheries and Wildlife typically requires studies of bird migration, including radar studies of night migrants, daytime counts of raptors and radar and acoustic surveys for migrating bats. Mitigation is often required, particularly when Threatened or Endangered species may be affected. Many states also require consultation with the U.S. Fish and Wildlife service, which may impose restrictions, require monitoring, or disallow the project altogether.
Municipal Requirements -Many local governments have enacted noise ordinances to manage community noise levels in general, and wind turbine-related noise specifically. Despite the lack of established national noise-related regulatory drivers, there are several regulatory frameworks that influence wind development and are therefore relevant here. These include set back requirements to avoid wind turbine noise and potential shadow flicker.
Future Offshore Wind Development -There is a significant thrust to develop the large coastal wind resource that exists in offshore Europe and the United States. Additional consideration is also being given to coastal resources in Asia and Australia. Because any such project would be the first of its' kind in the U.S., permitting agencies and involved government authorities are involved in a significant and on going due diligence process that involves examining the potential impacts of this type of offshore wind development. As deep water offshore development expands across multiple countries, the potential impacts will need to be examined.
Public Perception Drivers -Public opposition to a project can result in project delays or even cancellation. Whether concerns are raised during formal commenting or simply expressed in protest of a project, developers must be able to address the issues to complete a project as planned.
Non-Regulatory Drivers -Public Relations/ Environmental Stewardship -Wind turbine-related sound and viewshed impacts can be sensitive and even divisive issues for communities. Sound scientific research can provide critical, objective input to inform local discussions about wind project siting.
RESULTS IMPLEMENTATION
An understanding of impacts and advancement of solutions to those impacts will accelerate deployment of wind energy in an environmentally responsible manner. Research in the following areas will significantly improve the information base required for sound decision making:
• Development of direct interaction protection technologies for a variety of bird and bat species
• Endangered species population analysis to determine long-term impacts on survivability • Migratory and habitat analysis to reduce impacts • Laboratory-based research to examine the potential biological impacts of infrasound, low-frequency sound, and shadow flicker • Advanced siting analysis to pro actively reduce any species habitat conflicts, impact on local residents, and pertinent aviation radar systems
• Computer analysis and demonstration projects to identify the optimal methods for reducing wind turbine induced radar interference
• Identification and consolidation of best practices and utility learnings in offshore wind development from existing European facilities as applicable to future offshore wind development
PLAN
The questions being asked are varied and depend on federal, state and local environmental priorities and regulations where the project is proposed to be built. Specific actions to be undertaken include the following:
Interactions of Birds and Bats with Wind Turbines
Already, concerns for the safeguard of bird and bat populations has caused delay or reconsideration of wind projects due to unknown short-and long-term effects. The impacts of utility-scale wind farms are not fully understood, and almost all proposed projects are facing some type of opposition related to actual or assumed fatal impacts on birds and bats or to impacts on habitat. With respect to bats, the issue is becoming more acute, as white-nose syndrome is causing the collapse of many cave dwelling species. EPRI's research related to bird and bat interactions with wind turbines will focus on three main areas.
• Assemble and maintain a knowledge base on species specific interactions with wind generation. This will include information about high risk species currently designated as endangered or likely to be designated as endangered in the near future, their respective impacts associated with wind technology, as well as data on potential long-term population level impacts.
• Development and/or demonstration of mitigation and avoidance technologies. Critical research includes identification of technologies that can mitigate bird and bat interactions with wind turbines. EPRI has done much work on avian interactions with traditional utility infrastructure in the past and this learning will help drive new understanding and solutions. Current research is developing a bat detection and shutdown system for wind turbines, which will be turbine specific to reduce lost generation through site and species specific curtailment regimes to simultaneously minimize lost production and species impacts.
• Develop data on and improved approaches to habitat impacts caused by wind facilities. Utility-scale wind farms may involve the use of large amounts of land. When land is used for wind farms there are concerns raised over impacts of the technology or operations on the habitat and the animals that inhabit that space. In cases where threatened or endangered species are present, additional permitting and concerns are raised. EPRI's research will put the impact from these wind farms in context with the threat to these species.
Wind Turbine Noise and Shadow Flicker
EPRI's planned research consists of a comprehensive evaluation of wind turbine-related noise, shadow flicker, and potential community impacts. The umbrella of research is multidisciplinary, bringing together certified industrial hygienists, acoustical and visual professionals, experts in public policy and public health, and industry representatives to address critical issues related to wind generation, noise and visual impacts. These activities are generalizable and highly relevant to the global community. Specific activities include:
• Development of a critical review on wind turbine noise and shadow flicker. Although there are a number of reviews in the "grey literature", there are currently no published papers in the peer-reviewed literature that comprehensively and critically evaluate all the evidence and data related to wind turbine noise, shadow flicker, and health/annoyance.
• Expert workshops. EPRI will bring together international researchers to discuss the state of the science and identify key knowledge gaps and research needs.
• Field-based research. This will include detailed sound monitoring from the low-frequency through audible range as well as specific monitoring of infrasound in the vicinity of operating wind projects. Additional monitoring will focus on the visual impacts of shadow flicker. Importantly, community surveys will be conducted to evaluate the influence of both sound-and non sound-related factors on complaints and potential health impacts. The research is unique in that residential sound and shadow flicker exposures will be measured and therefore correlations with complaints can be evaluated.
• Laboratory-based research. Using animals and/or humans, the biological effects of infrasound, other-low frequency sound, and shadow flicker will be examined.
Radar Interference
A wind turbine blade is constructed out of highly radar reflective glass reinforced plastic. When a wind turbine is installed near a radar system, it acts as a large source of radar reflection, due to the tall height of the tower, as well as the additional length of the turbine blades. This large radar cross section (RCS) can be an impediment to the operability of the radar system due to increased clutter on the radar screen. This clutter increases the difficulty of knowing where all potential radar targets are at any given time. This can impact the operability of both civilian and military radar, for the purposes of weather and aircraft monitoring. The two avenues of EPRI research in this area will consist of:
• Proactive siting practices for early identification of existing or potential conflicts. Realization in the later stages of development that a potential wind facility has previously unknown radar interference implications can create unnecessary project delays and in some cases project cancellations. In either case, this technological impact of wind energy will have adverse financial impacts on the project. EPRI research will identify proper project practices to ensure that any radar related impact is identified upfront, providing time and opportunity to mitigate the impact, thereby reducing any unnecessary influences it may have on the project going forward.
• Technological solution evaluations. Radar absorbing material holds one avenue for potential mitigation of wind turbine induced radar interference. However, a cost effective and materially robust solution has yet to be identified. Another potential avenue is through software improvements to existing radar facilities. Improvements to the radar would minimise any changes required to existing turbines and the current systems in place for dealing with this technological issue. EPRI research will aim to evaluate both to determine the optimal solution.
Offshore Wind Energy
Offshore wind energy development presents a host of new environmental impacts that are unique with respect to land based turbines. From the initial construction, which can require drilling or impacting the sea floor depending on the consistency, through to the operation and maintenance of the facility, offshore turbines require specialised equipment including large ships and at times helicopters. On a life cycle standpoint, the energy used to actually construct and maintain the turbine is significant. However, the higher capacity factors, coupled with good wind resource can help offset this upfront energy outlay.
Potential environmental impacts associated with offshore wind energy include underwater noise impacts from foundation construction, sea floor change from foundation construction, offshore sea bird and bat impacts, underwater vibration from turbine operation, potential electromagnetic field (EMF) exposure from the high voltage underwater cabling, and view shed impact.
Due to the early stage of offshore wind development in the U.S., EPRI research will initially focus on consolidating utility experiences with offshore wind from Europe and the UK in combination with early feasibility studies and participation in demonstration projects, when they become available.
• Utility experiences and best practices. Much can be gained from the experience of European utilities that have developed and operated offshore wind facilities over the last decade. Significant knowledge regarding species impact mitigation practices and potential environmental impacts will be aggregated from existing projects for their potential applicability for offshore wind development.
• Feasibility studies and demonstration projects. Due to the high cost of offshore wind development, significant feasibility studies will be required as due diligence before a U.S. based offshore development takes place. EPRI will aim to collaborate on this effort and the resulting demonstration projects to report back results for current learning and follow on projects.
RISK
Relative to technology development, there has been significant underinvestment in research on the potential environmental aspects of wind energy, resulting in a paucity of information relative to the questions that must be addressed to move projects forward rapidly and with a high degree of certainty. The same collaborative benefit that other issues have realized through a comprehensive research plan funded by many companies has not yet been realized in this area. In part this is due to increasing regulations and restrictions on siting for new wind energy projects, particularly with the potential that exists for future offshore wind development. The timing is good for collating existing, but dispersed information, from initial project specific studies and early regional work. This can form the basis for more comprehensive studies and data to support future decision making.
In the absence of this collaborative work, each individual project will spend more resources to develop information as questions are raised. Without robust and factual dialog, there remains high risk of delayed projects, stranded investments and unresolved public concerns. Without a look forward to potential cumulative impacts, industry faces a substantial risk of unintended consequences that would only become apparent after significant resources were expended to affect a rapid, large scale build out and harvesting of renewable energy.
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